Soluble products, released by the hydrolysis of hordeins into the media of barley (Hordeum vulgare cv. Perth) half-seeds were analyzed. Large polypeptide fragments (methanol-insoluble) were identified using the Western immunoblot technique with the antibodies prepared against B and C polypeptides of hordein. A number of hordein IgG-reacting bands were noted in the samples from dry kernels. In samples incubated in the absence of gibberellic acid, polypeptide fragments in the size range of 25 to 30 kilodaltons appeared within 24 hours, and those in the size range of 40 kilodaltons became more prominent. In samples incubated in the presence of gibberellic acid, polypeptide fragments in the size range of 45 to 67 kilodaltons were less apparent and those in the size range of less than 15 kilodaltons were more pronounced. The hordein-related polypeptide fragments were present in low amounts after 72 hours in the presence of gibberellic acid. Methanol-soluble peptides were fractionated, on the basis of size, into two broad peaks. In the absence of gibberellic acid, there was no significant change in their profile over a 72 hour incubation period. In the presence of this growth substance, however, there was a decrease in the proportion of large size peptides (50-70 amino acid residues in length), and an increase in the levels of small peptides (15-35 amino acid residues in length) and amino acids. Our interpretation of the results is that the release of the initial large polypeptide fragments from hordein proteins is mediated by a protease(s) whose appearance is not dependent on the exogenously added gibberellic acid. Further hydrolysis is, however, mediated by proteases induced in the presence of this growth substance.
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Hordeins, the major storage proteins in barley endosperms, are characterized by their: (a) unusual amino acid composition, e.g. up to 75% ofthe total amino acid residues may be glutamine plus glutamate, proline, and asparagine plus aspartate; and (b) hydrophobicity and solubility in organic solvents or in aqueous buffers in the presence of SDS and urea (20) . With the onset of germination, these protein reserves are presumably solubilized initially and then hydrolyzed to small peptides and amino acids. The nature of the proteolytic enzymes involved in the overall hydrolysis of these proteins has not been characterized. On the other hand, a number of proteolytic activities, i.e. endoproteases and carboxypeptidases, have been assayed in the extracts of germinated barley endosperms and half-seeds incubated in the presence ofGA3 (3, 8, 12, 16-18, 21, 23, 27) . The major proteases appear to be a mixture of at least 5 carboxypeptidases (18, 21, 27) . These protease activities have been measured using sub- ' Supported by an operating grant from the Natural Sciences and Engineering Research Council (Canada (A-28 18) ). V. R. was a recipient of C. W. Sherman Graduate Scholarship.
strates such as animal proteins, e.g. hemoglobin, casein, gelatin, or synthetic dipeptides blocked at either C-or N-terminal2 residues. With the use of such substrates, one is never sure whether an in vivo phenomenon is being examined.
The induction of a-amylase and other hydrolases by GA3 in barley (cv Himalaya) half-seeds is well documented (4, 8, 12, 19, 21) . Perth, the cultivar we used, also requires GA3 for the induction of a-amylase. Even though an overall hydrolysis of endosperm protein reserves appears to be dependent on the peptide hydrolases induced in the presence of GA3 (16, 21, 23 (4) . Routinely 30 half-seeds were incubated at room temperature (22 ± 2°C), in 10 ml of 2 mm acetate buffer (pH 4.8) containing 10 mm of CaCl2 (4) . GA3 at a concentration of 5 yM was added as required. The pH of the media dropped to 3.7 during the incubation period in both control and GA3-treated samples.
Fractionation of Extracts. Endosperm pieces were extracted together with the medium in the presence of 0.5 N NaCl and the crude homogenate was centrifuged at 20,000g for 30 min in a Sorvall rotor SS34. The supernatant solutions and pellets were analyzed separately. In the initial experiments involving measurement of total nitrogen, 10% TCA was used precipitate large polypeptides in the supernatant solution. However, in subsequent experiments, 50% methanol was used for this purpose. There were only minor qualitative differences, when polypeptides from the two sets (TCA-and methanol-precipitation) were compared on a polyacrylamide gel. The TCA-soluble and TCAprecipitable materials were analyzed for polypeptide fragments.
Prolamins were extracted at 60°C by shaking the residual pellet in 55% 2-propanol containing 2% f-mercaptoethanol (22 (14) run at pH 8.8 with 12.5% running gel and 4% stacking gel in the presence of SDS was used for analyzing polypeptides. A current of 1.5 m amp/slot (1 1 slots; slot width, 7.5 mm) was used until the samples migrated through the stacking gel. It was then increased to 3 m amp/slot. The protein bands in the gel were stained with 0.125% Coomassie brilliant blue R (in 50% methanol and 10% acetic acid). A solution containing 7.5% acetic acid and 5% methanol was used for destaining the gel.
Preparations of Antigen. Soluble proteins were first extracted from dry endosperm powder using saline solution. Prolamins were then extracted from the remaining residue using 55% 2-propanol containing 2% fl-mercaptoethanol (22) . This solution was then dialyzed against several changes of distilled H20 to precipitate hordeins. The hordein samples were lyophilized, and electrophoresed through polyacrylamide gel under denaturing conditions (14) . The major B and C polypeptide bands (ranging in size from 43-67 kD), were cut out. The gel was frozen with liquid N2, and then pulverized into a fine powder. The hordein polypeptides were finally eluted with acetate buffer (2 mm, pH 4.8) containing 3 to 4 M urea by vigorously shaking the suspension overnight at 37C.
Immunization. The antigen (eluted hordeins), at a concentration of 5.0 mg/ml, was emulsified with an equal volume of Freund's incomplete adjuvant. The (a) Large Polypeptides. Large polypeptides precipitated from the soluble fractions were analyzed by SDS-PAGE using 12.5% polyacrylamide gels. A number of discrete polypeptide bands were noted in control samples (Fig. 1) . There is the appearance and with time disappearance of a polypeptide at 55 kD in both the presence and absence of GA3. No other major changes in the profile of polypeptides was seen in the absence of GA3 during a 36 h incubation period. In the presence of GA3, the banding pattern remains largely unchanged except for the appearance of a 42 kD band. The intensity of this band increased with longer periods of incubation. Based on the electrophoretic mobility and Western immunoblotting data (V Rastogi, A Oaks, unpublished data), this band is the subunit of a-amylase.
(b) Hordein-Derived Polypeptides. Ifthe polypeptide fragments released at early times from the hydrolysis of hordeins retain the antigenicity of the hordein proteins, then the antibodies raised against hordeins should serve to detect the hydrolysis products. Soluble proteins were prepared from endosperm tissue of dry kernels (0) and half-seeds incubated for 8, 24, and 72 h in the presence and absence of GA3. A number of hordein IgG-reacting polypeptide bands were seen on the immunoblots of control samples (lane 0; Fig. 2 ). The presence of hordein-related polypeptides in this sample could be due to (i) sharing of common epitopes by soluble proteins and hordeins; (ii) prematurely aborted hordein polypeptides during seed development, which are extractable with the aqueous buffer, and/or finally (iii) partial hydrolysis of hordeins, which may begin during the later stages of caryopsis development.
No significant change compared to the controls (0) was noted in samples incubated for 8 h in the presence and absence ofGA3. In samples incubated for 24 h in the absence of GA3, however, a major band at around 40 kD (band c; Fig. 2 in the size range of 45 to 67 kD (a, b, and c bands) were much less pronounced. In addition, polypeptide bands of low mol wt that appeared as a smear rather than discrete bands (less than 15 kD; i-j), were observed. There was no significant difference in the banding pattern of immunoreactive polypeptide bands in samples incubated for 24 or 72 h in the absence of GA3. In the presence of GA3, however, most of the hordein IgG-reacting polypeptide bands were either absent or present in low amounts when samples were incubated for 72 h. This result showed that an initial release of large polypeptide fragments from hordein proteins was independent of GA3. Further hydrolysis of the water-soluble polypeptide fragments derived from hordein proteins is, however, dependent on the proteases induced in the presence of this plant growth substance.
Analysis of the Methanol-Soluble Fraction. The initial calibration of the Sephadex G-10 column showed that amino acids and peptides of less than 9 amino acid residues eluted together. Therefore the fractions containing peptides of less than 9 amino acid residues in length and amino acids were pooled and analyzed as one group ( Fig. 3; peak III) . Larger peptides (greater than 9 amino acid residues) eluted with the void volume (V0). This was then passed over a Sephadex G-25 column. Two broad peaks were observed (Fig. 3, A and B) . There was a shift from larger polypeptides (peak I) to smaller polypeptides (peak II) with time when half-seeds were incubated in the presence of GA3 (Fig. 3B) . Peptides in peak I ranged from 50 to 70 amino acid residues in length and those in Peak II, from 15 to 35 amino acid residues in length. In the absence of GA3, there was no significant change in the profile and/or proportion of peptides in both the peaks during the 72 h incubation period (Fig. 3A) . In the presence of GA3, peptides in 'peak I' accounted for 43% of total nitrogen in the methanol-soluble fraction at 24 h, and about 1 1% by 72 h of incubation (Table II) . During this period, the total nitrogen increased in 'peak II' from 42% to 50% and in 'peak III' from 2% to 26%.
DISCUSSION
The technique of incubating embryo-less endosperm pieces has been used by several workers in studies related to the induction of hydrolytic enzymes by GA3. The best studied example is the induction ofa-amylase (4, 12, 19) . The appearance of gliadinand hemoglobin-degrading protease activity (8, 12, 23) , and carboxypeptidase(s) activity (21, 27) in barley endosperm tissue has also been examined. The hydrolytic products of barley storage proteins, released in the media have, however, not been described. Following incubation in the presence of GA3, protein and residue (pellet) were separated. Large polypeptides in the soluble fraction were precipitated with 50% methanol. The supernatant solution (MSF, methanol-soluble fraction) was passed successively over Sephadex G-10 and G-25 columns. Amino acids + peptides of less than 9 amino acid residues ('peak III') were collected after filtration through a Sephadex G-10 column, and peptides fractionated on the Sephadex G-25 column were pooled ('peak I' and 'peak II'). The hydrolysis is initiated both in the aleurone and starchy endosperm tissues. Thus, it is possible that the hydrolysis products released from proteins in the aleurone layers contribute in part to the observed changes in total nitrogen and peptides.
An immunological approach was adopted to detect large polypeptide fragments released from the hordein proteins. The same technique has been used previously by other groups to study the turnover of RuBPCase and hydrolysis of proteins in a dicotyledonous storage tissue (7, 24, 27) . Using antibodies against RuBPCase, Tang and Huffaker (24) identified the degradation products of the enzyme on western immunoblots. Antibodies against the crystalloid storage proteins were employed by Gifford et al. (7) to identify the hydrolytic fragments released from the castor bean cotyledons. Wilson et al. (27) used a similar technique to identify hydrolysis products of glycinin and conglycinin during germination of soybean seedlings.
As seen in Figure 2 , a number of hordein IgG-reacting polypeptide bands are present in the soluble protein fraction from endosperm tissue of dry kernels. However, the interesting observation is the fact that when embryo-less endosperms were incubated in the absence of GA3, there were shifts in some of the polypeptide bands. For example, polypeptide bands in the size range of 25 to 30 kD appear. In addition, a polypeptide band around 40 kD increased in its intensity. Since these polypeptide fragments react with the hordein antibodies, it is likely that they are derived from the hordein proteins and therefore represent the initial hydrolytic products. Our interpretation is that an endoprotease activity is involved in the release of these initial hydrolytic fragments. In a related cereal, corn, an endopeptidase activity has been reported to be involved in the hydrolysis of denatured zeins (10) . However, in that system, carboxypeptidase activities are less apparent (28) . In noncereals, such as pea (1), pumpkin (9), mung bean (2) , and castor bean (7), good evidence exists in support for the involvement of an endoprotease activity for hydrolysis of the native storgae proteins.
It appears that in the presence of GA3, polypeptide fragments in the size range of 15 kD or less are produced (Fig. 2) . It is possible that these low mol wt polypeptide fragments are derived from those released in the absence of GA3. With longer periods of incubation in the presence of GA3, the levels of peptides in 'peak I' decreased and those in 'peak II' and 'peak III' increased (Fig. 3B) . It is tempting to speculate that large polypeptide fragments released in the absence and/or presence of GA3 serve as substrates for the proteases involved in the production of peptides recovered in 'peaks I and II.' Hammerton and Ho (8) have identified three endoprotease-like activities in the media of incubated aleurone layers, and it is possible that these enzymes are active in some of the steps described above.
The different sets of reactions are summarized in a model presented in Figure 4 . According to this model, an endoprotease, whose appearance is not dependent on the presence of GA3, and, which is induced when water is added to the system, is involved in the initial stages of hydrolysis (endoprotease I). The products of this step are either larger polypeptide fragments (in the size range of 40 kD and 25-30 kD) or peptides recovered in 'peak I. ' Subsequently, proteases induced in the presence of GA3, endoprotease 2, are probably involved in the release of peptides recovered in 'peak II' and perhaps 'peak III.' This class of endoprotease appears to require GA3 for its induction. Exopeptidases and dipeptidases may also be active in the release of amino acids and very small peptides. Even though the steps involved in the hydrolysis of hordeins as shown in the model are not definitive, with our approach and that of Hammerton and Ho (8) , we are now in a position to test specific details of this model.
Finally, it must be noted that a substantial proportion of total nitrogen was accounted for by peptides in 'peak II,' both at 24 and 72 h. Because of the high levels of carboxypeptidases, at 72 h after incubation, one would have expected amino acids to be the major component in the soluble fraction. However, since total nitrogen in 'peak III' containing amino acids + peptides of less than 9 residues, is only 26% of that in the methanol-soluble fraction (Table II) , the role of carboxypeptidases (16) (17) (18) in the hydrolysis of storage proteins remains doubtful. Presence of high levels of peptides in soluble extracts of germinating endosperms and an active peptide uptake system in the scutellum tissue has been demonstrated earlier (1 1, 26) . Our results, therefore, support the observations of Higgins and Payne ( 11) and are consistent with the idea that peptides may be the principal hydrolytic products transported across the scutellum to the growing embryo by uptake mechanisms similar to those described by WalkerSmith and Payne (26) .
